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(54) Title: WIRELESS TELECOMMUNICATION SYSTEM WITH PREPAID ARCHITECTURE 
(57) Abstract 

There is disclosed a prepaid system (10) and method for permit- 
ting a prepaid subscriber of the cellular wireless telecommunication 
system to revise call features during a call within the operators node 
and from roaming locations to debit the subscribers prepaid account 
on a real-time basis. The system includes a switching node (14) per- 
mitting (50) a call to be set up with the prepaid subscriber (16) when 
a prepaid service credit balance exists and terminating the call when 
the prepaid service credit balance is nil. The switching node contin- 
ually generates (52, 54) real-time call event Data Message Handier 
(DMH) formatted messages related to the call made by the prepaid 
subscriber and forwards these call event messages to. a prepaid ad- _ 
ministrative network (38). The prepaid administrative network stores 
(56) the prepaid service credit balance of the prepaid subscriber and 
generates at call set up an initial charge debiting rate (60) used during 
the call to reduce the prepaid service credit balance. The prepaid ad- 
ministrative network, in response to the real-time call event messages 
received from the detailed call event generation means, revises the 
initial charge debiting rate to generate a real-time debiting rate used 
during the call to reduce the prepaid service credit balance. 
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Wireless Telecommunication System With Prepaid Architecture 

Field Of The Invention 

The present invention relates to a prepaid billing architecture for a wireless 
telecommunication system that allows a user to access all available prepaid services 
during a call in progress. 

Background Of The Invention 

Cellular or wireless telecommunication systems have recently introduced a 
prepayment architecture that allows a subscriber to prepay for services. The 
advantage with prepaid services for the operator is that the operator obtains payment 
in advance saving costly collection services or having to obtain security such as 
credit card information from a subscriber. For the subscriber, the advantage is the 
subscriber pays as he uses the system avoiding basic monthly service charges when 
usage is law. 

The current prepaid architecture in use and contemplated for cellular wireless 
telecommunication system stores the pre-payment made by a subscriber in a prepaid 
application server as a time duration value. When a prepaid subscriber initiates a 
call, the switching node of the wireless telecommunication system obtains the credit 
balance of the subscriber from the stored credit balance as a time interval value. The 
switching node determines the service charging rate for the call depending on the 
service the subscriber is requesting and applies this charging rate as-a~ timer- 
decrement. That is the timer set at the credit balance is decreased at a rate 
corresponding to the service requested. When the timer reaches zero time, 
representing a nil credit balance, then the call is cleared or ended by the switching 
node. 

While the use of the prepaid service is gaining in popularity amongst 
subscribers and operators, there are two distinct and separate problems encountered 
by subscribers and operators of the prepaid system. The first problem experienced 
by the subscriber is that there is no provision made by the telecommunication system 
that allows the subscriber to change or add new features during the call. For 
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example, should a subscriber 1) wish to make a conference call, 2) change cell 
locations moving into a long-distance cell and/or 3) send a data, fax or short service 
message, the operator is not able to accommodate this change in service during a call 
because the operator has no mechanism in the prepaid architecture for revising the 
5 charging rate for t he change in call services on a real-time basis. Consequently, the 
operator refuses to allow the subscriber access to services that cannot be billed for 
during the call. 

The second problem with the prepaid billing systems, is that no mechanism 
exists allowing the prepaid subscriber to roam between operators having roaming 

10 agreements or between operators having telecommunications equipment provided by 
different equipment suppliers using different proprietary billing protocols. Cellular 
wireless telecommunication networks currently employ multi-system mobile 
switching nodes center (MSC) networks that operate with different proprietary 
billing protocols. Consequently, it is difficult for operators to correlate billing 

15 information amongst these MSC networks. It is not possible at this time to correlate 
this information on a real time basis. Due to the differences in proprietary billing 
protocols between MSG networks, calls that are setup through several multi-system 
MSCs are rated according to the information logged in either the gateway MSC 
through which the call is setup to the public switching telephone network (PSTN) or 

20 the anchor MSC through which the call is delivered to the mobile station or prepaid 
subscriber. 

Accordingly, there is a need for a prepaid service architecture that permits 
a prepaid subscriber to add or change service features during a call and allow the 
operator to charge for these revised service features. There is also a need to provide 
25 a standardized or common billing protocol amongst different operators and different 
equipment suppliers that permits for prepaid subscribers to access prepaid services 
while roaming. 

Summary Of The Invention 

30 The present invention overcomes the inability of the current prepaid 

telecommunication systems to allow a subscriber to add or change call features 
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during a call by continually updating or revising the charging rate associated with 
the call on a real-time basis as call events in the call change. 

In accordance with this aspect of the present invention there is provided a 
wireless telecommunication system having a prepaid service architecture for 
servicing a prepaid subscriber having a prepaid service credit balance. The system 
includes a switching node connected to a plurality of base stations in radio frequency 
communication with said prepaid subscriber. The switching node includes call 
control means for permitting a call to be set up with the prepaid subscriber when the 
prepaid service credit balance exists and terminating said call when the prepaid 
service credit balance is nil. The switching node further includes detailed call event 
generation means for continually generating real-time call event messages related to 
the call made by the prepaid subscriber and forwarding the real-time call event 
messages to a prepaid administrative network. The prepaid administrative network 
includes prepaid information storage means for storing the prepaid service credit 
balance of the prepaid subscriber. The prepaid administrative network further 
includes rate determining means for generating at call set up an initial charge 
debiting rate used during the call to reduce the prepaid service credit balance. The 
rate determining means, in response to the real-time call event messages received 
from the detailed call event generation means, revises the initial charge debiting rate 
to generate a real-time debiting rate used during the call to reduce the prepaid 
service credit balance. 

The wireless jelecommunication system may^further includea home-locating - 

register connected to the switching node for identifying the prepaid subscriber to the 
switching node and connected to the prepaid administrative network for instructing 
the prepaid administrative network to communicate credit balance related 
information to the switching node. This related information may relate to call set up 
timing credit balance information for the prepaid subscriber. 

The prepaid service credit balance is preferably represented by a time 
interval, and the initial and real-time debiting rates are preferably represented by 
time decrements. The rate can be changed by frequency, amount or both. 
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The prepaid administrative network preferably includes timing means 
communicating with the prepaid information storage means and the rate determining 
means to decrement the prepaid service credit balance by an appropriate debiting rate 
provided by the rate determining means. The timing means forwards a control 
5 message to the call control means when the prepaid service credit balance becomes 
nil. Alternatively, the timing means may be located in the switching node. 

The rate determining means preferably stores a plurality of pre-defined 
debiting rates associated with real time call event features provided by the switching 
node to the prepaid subscriber. The rate determining means selects one 

10 predetermined debiting rate associated with the real time call event feature utilized 
by the prepaid subscriber and communicated to the rate determining means in the 
real-time call event message to generate the real-time debiting rate. 

The prepaid administrative network preferably includes an interactive voice 
response system communicating with the switching node and the prepaid information 

15 storage means for adding credit to the prepaid service credit balance. 

The present invention make further provisions for permitting a subscriber to 
roam between operators and make calls in telecommunication systems operating 
under different proprietary protocols. This is achieved by having each of the 
telecommunication systems generate real time call event messages using Data 

20 Message Handler (DMH) formatted messages. Currently, the Telecommunications 
Industry Association (TIA) standard known as IS-41, herein incorporated by 
reference, makes provisions for billing information to be sent in the forward 
direction from a serving or gateway MSC (G-MSC) serving a call request to a 
destination or visiting MSC (V-MSC) delivering the call to the mobile subscriber. 

25 The Telecommunications Industry Association (TIA) is currently developing 
standard IS-124 known as the DMH standard. By using the standardized IS-124 
DMH communication protocol it should be possible to share call event information 
amongst multi-system MSC networks and perform prepaid accounting operations. 
Hence, the DMH standard accommodates different types of call events presently 

30 existing and will be modified to account for future types of call events not yet 
conceived. Consequently, use of DMH standard formatted message in one aspect of 
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the present invention eliminates the need for prepaid architectures to modify 
proprietary protocol accounting messages presently used in the prepaid systems. 

In accordance with another aspect of the present invention there is provided 
a method for servicing a prepaid subscriber having a prepaid service credit balance 
5 in a wireless telecommunication system having a switching node connected to a 
plurality of base stations in radio frequency communication with said prepaid 
subscriber and a prepaid administrative network connected with the switching node. 
The method includes the steps of: 

the switching node permitting a call to be set up with the prepaid 
10 subscriber when the prepaid service credit balance exists and terminating the call 
when the prepaid service credit balance is nil, 

the switching node generating real-time call event messages related 
to the call made by the prepaid subscriber and forwarding the real-time call event 
messages to the prepaid administrative network; and, the prepaid administrative 
15 network storing the prepaid service credit balance of the prepaid subscriber, and, 

the prepaid administrative network generating at call set up an initial 
charge debiting rate used during the call to reduce the prepaid service credit balance, 
and in response to the real-time call event messages received from the detailed call 
event generation means revising the initial charge debiting rate to generate a real- 
20 time debiting rate used during the call to reduce the prepaid service credit balance. 

In accordance with still yet anther aspect of the present invention, the present 

invention introduces a new signaling message from the prepaid administrative 

network to the switching node. This message is a timer management order message 
that includes revised timer parameter information to reset the timer in the switching 
25 node. This resetting may be to add credit balances or change the rate of 
decrementing the timer. 


Brief Description Of The Drawings 

For a better understanding of the nature and objects of the present invention 
30 reference may be had to the accompanying diagrammatic drawings in which: 
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Figure 1 is a schematic diagram of a wireless communications system 
including a prepaid administrative network in a cellular telephone system; 

Figure 2 illustrates a further schematic drawing showing a preferred 
embodiment for the prepaid administrative network in greater detail; 

Figure 3 illustrates a further schematic drawing similar to Figure 2 showing 
an alternative embodiment; and, 

Figure 4 is a signal flow and node operation diagrams illustrating real-time 
DMH formatted message flowing between the serving mobile switching center and 
the prepaid administrative network. 

Detailed Description of Drawings 

Reference is now made to FIG. 1 wherein there is shown a schematic 
diagram of a wireless communications system 10 including a public access cellular 
telephone system 12. The public access cellular telephone system 12 includes 
a plurality of interconnected switching. nodes 14 commonly referred to as mobile 
switching centers (MSC). Although only two mobile switching centers 14 are shown, 
it will be understood that the system 12 likely includes many more interconnected 
nodes. The first and second mobile switching centers 14(1) and 14(2) may comprise 
any one of a number of known telecommunications switching devices, including 
those commonly used and known in the art for providing either digital or analog 
cellular telephone service to a plurality of mobile stations (MS) 16. The mobile 
switching centers 14 are interconnected with each other for communication via both 
voice trunks 18 (illustrated with broken lines) and signaling links 20 (illustrated with 
solid lines) together providing a known ISUP (or Rl or R2) type connection. The 
voice trunks 18 provide voice and data communications paths used to carry 
subscriber communications between the mobile switching centers 14. The signaling 
links 20 carry command signals (such as IS-41 or other signaling system no. 7 SS7 
messages) between the mobile switching centers 14. These signals may be used, for 
example, in setting up and tearing down voice and data communications links over 
the voice trunks 18 and controlling the provision of calling services to the mobile 
stations 16. The mobile switching centers 14 are also connected to a data base 22 
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comprising a home location register (HLR) by means of signaling links 24 providing 
a known IS-41 (or other SS7) type connection. The data base 22 stores information 
concerning the mobile stations 16 comprising location information and service 
information. 

In one cellular system implementation, illustrated generally at 26, the mobile 
switching center 14 is further connected to at least one associated base station 
controller (BSC) 28 via both a signaling link 30 and a voice trunk 32. Only one base 
station controller 28 is shown connected to mobile switching center 14(2) in order 
to simplify the illustration. The voice trunk 32 provides a voice and data 
communications path used to carry subscriber communications between the second 
mobile switching center 14(2) and its base station controller 28. The signaling link 
30 carries command signals (such as SS7 messages) between the node 14 and its 
associated base station controller 28. The signaling link 30 and trunk 32 are 
collectively commonly referred to in the art as the "A interface". The base station 
controller 28 is then connected to a plurality of base stations (BS) 34 which operate 
to effectuate radio frequency communications with proximately located mobile 
stations 16 over an air interface 36. The base station controller 28 functions in a well 
known manner to control this radio frequency communications operation. 

In another cellular system implementation, illustrate generally at 38, the 
mobile switching center 14(1) is further connected to a plurality of base stations (BS) 
34 which operate to effectuate radio frequency communications with proximately 

located mobile stations 16 over the air interface 36. In this implementation, the — 

functionality provided by the base station controller 28 (see, generally at 26) is 
instead provided by the mobile switching center 14. 

Although direct communications links (signaling and/or trunk) are illustrated 
for the system 12 of FIG. 1 , it is understood by those skilled in the art that the links 
are not necessarily direct between the illustrated nodes, and may instead pass 
through many other communications nodes (not shown) of the mobile network, and 
perhaps even utilize other communications networks (such as the public switched 
telephone network-PSTN). Illustration of the links in the manner shown in FIG. 1 
is therefore by way of simplification of the drawing. 
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The wireless communications system 10 further includes prepaid 
administrative networks (PPAN) 38(1) and 38(2) that provide administration of a 
prepaid subscriber for mobile station 16. The prepaid administrative network 38 
stores a listing of prepaid subscribers and the associate prepaid service credit balance 
5 for each prepaid subscriber 16. The prepaid administrative network 38 
communicates this credit balance information across signaling links 41 to the MSC 
14 in response to receipt of a message from home located register 22 across link 40. 
The request for credit balance information comes from the HLR 22 in response to 
the MSC 14 notifying the HLR 22 over communication link 24 of the prepaid 
10 subscriber. The HLR 22 verifies the prepaid subscriber in the telecommunications 
system. Communication signaling links 40 and 41 carry command signals (such as 
IS-41 or other signaling system no. 7 SS7 messages) between the mobile switching 
centers 14. 

The prepaid administrative network 38 includes an Internet Protocol (IP) 

15 communication or signaling link 42 connected to the mobile switching center 14. 
The signaling links 42 carry real-time call event messages across the IP links using 
Transmission Control Protocol (TCP). In the present invention, these real time call 
event messages are formatted in accordance with Data Message Handling (DMH) 
formatted protocol messages of the IS- 124 standard. This call event messaging is 

20 utilized by the prepaid administrative network to revise the credit rating charge on 
a call made by the prepaid subscriber. 

The wireless telecommunication system further includes an interactive voice 
responsive unit (TVR) 44 connected over communications links 46 to the prepaid 
administrative network 38. The communication links 46 carry updating credit 

25 information to the prepaid administrative network 38. The voice responsive unit 44 
is also connected to the mobile switching center 14 over voice trunks 48. In 
operation, the voice responsive unit 44 permits a prepaid subscriber to place a call 
into the mobile switching center 14 and add credit to the subscriber's prepaid 
account over the communications link 46. 

30 For a better understanding of the operation of the prepaid administrative 

network 38 within the wireless communications system 10, reference is now made 
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to Figure 2 wherein like communication links and network points identified Figure 
1 have been identified in Figure 2 using like numbers and acronyms. In Figure 2, 
the prepaid administrative network 38 is shown within broken lines. 


The mobile switching center 14 includes a call control unit 50 for permitting 
a call to be set up with the prepaid subscriber when the prepaid service credit 
balance exists and terminating the call when the prepaid service credit balance is nil. 
The mobile switching center further includes a DMH protocol conversion unit 52 
and a call detailed generation point 54 for continually generating real-time call event 


10 


15 


20 


25 


DMH formatted messages related to the call made by the prepaid subscriber and 
forwarding the real-time call event DMH formatted messages to a prepaid 
administrative network 38 over DMH signaling link 42. 

The home location register (HLR) 22 is connected between the mobile 
switching center 14 and the prepaid administration network 38 for identifying the 
prepaid subscriber to the mobile switching center 14 and for instructing the network 
38 to communicate other messages from the network 38 to the mobile switching 
center 14 over signaling link 41 . 

The prepaid administrative network 38 includes a prepaid applications server 
(PPAS) 56 having a database 58 that stores information related to the prepaid service 
credit balance of the prepaid subscriber. This database 58 is updated with new credit 
balance information received from the interactive voice responsive unit 44 to revise 
the subscriber's credit. The prepaid application server 56 further includes a rate 

— determining table 60 for generating at call set up an initial charge debiting rate used 

during the call to reduce the prepaid service credit balance. The rate determining 
means in response to the real-time call event DMH formatted messages received 
from the call detailed generation point 54, revises the initial charge debiting rate to 
generate a real-time debiting rate used during the call to reduce the prepaid service 
credit balance. The rate determining point 60 stores a plurality of pre-defined 
debiting rates associated with real-time call event features provided by the mobile 
switching center 14 to the prepaid subscriber, The rate determining point 60 selects 
one predetermined debiting rate associated with the real time call event feature 
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utilized by the prepaid subscriber and communicates the charging rate to timer 62 
located within the prepaid application server 56. 

The database 58 forwards subscriber credit balance information in the form 
of a time interval signal to set the timer 62. The timer 62 receives a timing rate 
5 decreasing signal or rate decrement value from the charge rate determining table 60 
and begins to decrease the time interval as the prepaid subscriber continues with the 
call. At the end of the call, the timer 62 forwards a signal to the database 58 
associated with the unused time still available as credit to the prepaid subscriber. An 
initial charge rate is communicated to the timer 62 from the charge rating table 60 

10 that is associated with the services that the prepaid subscriber is using at call set up 
and communicated from the mobile switching center 14 in DMH formatted 
messages. In the event the prepaid subscriber changes the services associated with 
the call such as for example, adding another leg to the call in the form of a 
conference call, changing cell locations, changing switch locations or roaming into 

1 5 another service area, then the updated call event information is forwarded to the call 
charge rating point 60 and a new rate is sent to the timer 62 to decrement the timing 
credit balance remaining in the call. When the credit balance in the call reaches a nil 
value, then the timer 62 forwards a message to the switching center 14 over 
communication links 24 and 40, through the home locating register 22 to clear down 

20 or terminate the call. The call is then terminated by the call control unit 50 in the 
mobile switching center 14. It is within the realm of the present invention for the 
timer 62 to send messages to the call control unit 50 when predetermined balances 
are reached so that the mobile switching center 14 can alert the subscriber to the 
diminished credit balance. With this information, the prepaid subscriber can manage 

25 the call to terminate it at a convenient time or elect to increase the credit balance in 
the database 58. When the credit balance in database 58 is increased during a call, 
then the signal is sent to the timer 62 to reset or increment the time interval credit 
balance in accordance with the credit added to the prepaid subscriber's account. 

The prepaid administrative network 38 further includes a call detail collection 

30 point (CDCP) 64 connected with the call detail event generation point 54 of the 
mobile switching center 14 and the rate determining table 60. The signaling between 
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call detail collection point and the call event rating table is over Internet Protocol 
(IP) communication links 66. The call detail collection point is further connected to 
other mobile switching centers via communication links 68 (DMH) outside the 
present mobile switching center 14 for relaying real-time call event DMH formatted 
messages from the other nodes when the prepaid subscriber is receiving service from 
the other nodes outside of the subscriber's home service area. This call detail 
collection point 64 makes it possible for the prepaid subscriber to roam outside his 
service area serviced by the mobile switching center 14 and still continue to have 
service. In this instance, when the time credit balance in timer 62 reaches a nil 
value, then the message sent to the call control point 50 in the switch serving the call 
and the call is cleared down or terminated by the visiting switch. 

The last point shown in Figure 2 is the billing or accounting administration 
center 70. This center is connected to the call detail collection point 64 via 
communications link 72 to receive DMH formatted messages for billing purposes. 
This information is not real-time accounting as in the prepaid application server and 
handles subscribers who are not prepaid subscribers of the wireless 
telecommunication system 10. 

Referring to Figure 3, an alternative network layout is shown for the prepaid 
administrative network 38 and the mobile switching center 14. In this embodiment 
there are two changes from the embodiment of Figure 2. First, the timer 62 is now 
located in the mobile switching center 14. Secondly, the call detail rating table 60 
_ is.now located as a node that services the prepaid applications server 56. In this 
embodiment, the call detail rating table 60 is able to service more than one prepaid 
application server common to one operator. An alternative signaling link connection 
for the call detail rating table is shown by broker line 61. In this alternative, the link 
66 would be connected directly from the call detail collection point 64 to the prepaid 
application server 56. 

Referring to Figures 4 there is shown signal flow and node operation diagram 
illustrating real-time DMH formatted message flow between the serving mobile 
switching center 14, including timer 62, and the prepaid administrative network 38 
over the signaling links shown in Figures 3. In Figure 4, the serving or gateway 
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MSC 14 forwards a DMH formatted message 100 to the call detail collection point 
64 of the prepaid administrative network 38. Message 100 represents a call event 
occurring in real time during a call placed by a prepaid subscriber. This message 100 
further includes information relating to the identity of the prepaid subscriber. The 
5 call detail collection point 64 next sends a DMH formatted IP protocol message 102 
to the prepaid application server 56 representing the call event. The prepaid 
application server. 56 sends a rate request message 104 to the rating point table 60 
which in turn returns a rating value message 106 associated with the call event to the 
prepaid application server 56. In the embodiment shown in Figure 2, the rating point 

10 60 can be located within the prepaid application server 56. Next the prepaid 
application server 56 creates a timer management order message 108 and sends this 
message 108 to the MSC 14 to control the timer operation in MSC 14. When the call 
is complete, the MSC 14 sends a return message 110 to the prepaid application 
server 56 which message 1 10 is a timing value corresponding to unused time credit 

15 balance remaining of the prepaid subscriber. This message is stored in the storage 
means of the prepaid application server 56. 

Although preferred embodiments of the method and apparatus of the present 
invention have been illustrated in the accompanying Drawings and described in the 
foregoing Detailed Description, it will be understood that the invention is not limited 

20 to the embodiments disclosed, but is capable of numerous rearrangements, 
modifications and substitutions without departing from the spirit of the invention as 
set forth and defined by the following claims. 
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WHAT IS CLAIMED: 

1. A wireless telecommunication system having a prepaid service 
architecture for servicing a prepaid subscriber having a prepaid service credit 
balance, including: 

(a) a switching node connected to a plurality of base stations in radio 
frequency communication with said prepaid subscriber, said switching node 
including: 

(i) call control means for permitting a call to be set up with the 
prepaid subscriber when the prepaid service credit balance exists and to terminating 
said call when the prepaid service credit balance is nil, and 

(ii) detailed call event generation means for continually generating 
real-time call event messages related to the call made by the prepaid subscriber and 
forwarding the real-time call event messages to a prepaid administrative network; 
and, 

(b) the prepaid administrative network connected with the switching node 
including: 

(i) prepaid information storage means for storing the prepaid 
service credit balance of the prepaid subscriber, and, 

(ii) rate determining means for generating at call set up an initial 
charge debiting amount used during the call to reduce the prepaid service credit 
balance, and the rate determining means in response to the real-time call event 

- messages received from the detailed call event generation-means revising the initial — 
charge debiting rate to generate a real-time debiting rate used during the call to 
reduce the prepaid service credit balance. 

2. The wireless telecommunication system of claim 1 further including 
a home locating register connected to the switching node for identifying the prepaid 
subscriber to the switching node and connected to the prepaid administrative network 
for directing the prepaid administrative network to communicate credit balance 
related information to the switching node. 
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3. The wireless telecommunication system of claim 1 wherein the 
prepaid service credit balance is represented by a time interval, and the initial and 
real-time debiting rates are represented by time decrements. 

5 4. The wireless telecommunication system of claim 3 wherein the 

prepaid administrative network further includes timing means communicating with 
the prepaid information storage means and the rate determining means to decrement 
the prepaid service credit balance by an appropriate debiting rate provided by the 
rate determining means, said timing means forwarding a control message to the call 
10 control means when the prepaid service credit balance becomes nil. 

5. The wireless telecommunication system of claim 3 wherein the 
switching node further includes timing means communicating with the prepaid 
information storage means and the rate determining means to decrement the prepaid 

15 service credit balance by an appropriate debiting rate provided by the rate 
determining means, said timing means forwarding a control message to the call 
control means when the prepaid service credit balance becomes nil. 

6. The wireless telecommunication system of claim 1 wherein the rate 
20 determining means stores a plurality of pre-defined debiting rates associated with 

real time call event features provided by the switching node to the prepaid 
subscriber, said rate determining means selecting one predetermined debiting rate 
associated with the real time call event feature utilized by the prepaid subscriber and 
communicated to the rate determining means in the real-time call event message to 
25 generate the real-time debiting rate. 

7. The wireless telecommunication system of claim 1 wherein the 
prepaid administrative network includes an interactive voice response system 
communicating with the switching node and the prepaid information storage means 

30 for adding credit to the prepaid service credit balance. 
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8. A wireless telecommunication system having a prepaid service 
architecture responsive to Data Message Handier (DMH) formatted messages for 
servicing a prepaid subscriber having a prepaid service credit balance, including: 

(a) a switching node connected to a plurality of base stations in radio 
5 frequency communication with said prepaid subscriber, said switching node 

including: 

(i) call control means for permitting a call to be set up with the 
prepaid subscriber when the prepaid service credit balance exists and to terminating 
said call when the prepaid service credit balance is nil, and 
1 0 (ii) detailed call event generation means for continually generating 

real-time call event DMH formatted messages related to the call made by the prepaid 
subscriber and forwarding the real-time call event DMH formatted messages to a 
prepaid administrative network; 

(b) the prepaid administrative network connected with the switching node 
15 and the home location register including: 

(i) prepaid information storage means for storing the prepaid 
service credit balance of the prepaid subscriber, and, 

(ii) rate determining means for generating at call set up an initial 
charge debiting rate used during the call to reduce the prepaid service credit balance, 

20 and the rate determining means in response to the real-time call event DMH 
formatted messages received from the detailed call event generation means revising 

the initial charge debiting rate to generate a real-time debiting rate used diiring the — — 

call to reduce the prepaid service credit balance. 

25 9. The wireless telecommunication system of claim 8 further including 

a home locating register connected to the switching node for identifying the prepaid 
subscriber to the switching node and connected to the prepaid administrative network 
for directing the prepaid administrative network to communicate credit balance 
related information to the switching node. 
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10. The wireless telecommunication system of claim 8 wherein the 
prepaid service credit balance is represented by a time interval, and the initial and 
real-time debiting rates are represented by time decrements. 

11. The wireless telecommunication system of claim 9 wherein the 
prepaid administrative network further includes timing means communicating with 
the prepaid information storage means and the rate determining means to decrement 
the prepaid service credit balance by an appropriate debiting rate provided by the 
rate determining means, said timing means forwarding a control message to the call 
control means when the prepaid service credit balance becomes nil. 

12. The wireless telecommunication system of claim 10 wherein the 
switching node further includes timing means communicating with the prepaid 
information storage means and the rate detennining means to decrement the prepaid 
service credit balance by an appropriate debiting rate provided by the rate 
determining means, said timing means forwarding a control message to the call 
control means when the prepaid service credit balance becomes nil. 

13. The wireless telecommunication system of claim 8 wherein the rate 
determining means stores a plurality of pre-defined debiting rates associated with 
real time call event features provided by the switching node to the prepaid 
subscriber, said rate determining means selecting one predetermined debiting rate 
associated with the real time call event feature utilized by the prepaid subscriber and 
communicated to the rate determining means in the real-time call event DMH 
formatted message to generate the real-time debiting rate. 

14. The wireless telecommunication system of claim 8 wherein the 
prepaid administrative network includes an interactive voice response system 
communicating with the switching node and the prepaid information storage means 
for adding credit to the prepaid service credit balance. 
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15. The wireless telecommunication system of claim 8 wherein the 
prepaid administrative network further includes a call detail collection means 
connected with the detailed call event generation means of the switching node and 
with the rate determining means, the call detail collection means further 
interconnected with other switching nodes for relaying real-time call event DMH 
formatted messages from the other nodes, when the prepaid -subscriber is receiving 
service from the other nodes, to the rate determining means. 

16. The wireless telecommunication system of claim 8 wherein real-time 
call event DMH formatted messages are transmitted between the switching node and 
the prepaid administrative network over Internet Protocol (IP) communication lines. 

17. The wireless telecommunication system of claim 15 wherein the IP 
communications lines are Transmission Control Protocol (TCP) over IP protocol. 

18. The wireless telecommunication system of claim 8 wherein the 
switching node is connected to the home location register and the horn e location 
register is connected to the prepaid administrative network, and the switching node 
is connected to the prepaid administrative network by communications links 
configured in accordance with Signaling System No. 7 (SS7) protocols. 

— 19 ^ method for servicing a prepaid subscriber having a prepaid service- 
credit balance in a wireless telecommunication system a switching node connected 
to a plurality of base stations in radio frequency communication with said prepaid 
subscriber and a prepaid administrative network connected with the switching node, 
the method including the steps of: 


subscriber when the prepaid service credit balance exists and terminating said call 
when the prepaid service credit balance is nil, 


the switching node permitting a call to be set up with the prepaid 
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the switching node generating real-time call event messages related 
to the call made by the prepaid subscriber and forwarding the real-time call event 
messages to the prepaid administrative network; and, 

the prepaid administrative network storing the prepaid service credit 
5 balance of the prepaid subscriber, and, 

the prepaid administrative network generating at call set up an initial 
charge debiting rate used during the call to reduce the prepaid service credit balance, 
and in response to the real-time call event messages received from the detailed call 
event generation means revising the initial charge debiting rate to generate a real- 
10 time debiting rate used during the call to reduce the prepaid service credit balance. 

20. The method of claim 19 wherein the wireless telecommunication 
system further includes a home locating register connected to the switching node and 
the prepaid administrative network, the home locating register performing the steps 

15 of identifying the prepaid subscriber to the switching node and instructing the 
prepaid administrative, network to communicate the prepaid credit balance to the 
switching node. 

21 . The method of claim 19 wherein the prepaid service credit balance is 
20 represented by a time interval, and the initial and real-time debiting rates are 

represented by time decrements. 

22. The method of claim 19 wherein the prepaid administrative network 
further performs the steps of decrementing the prepaid service credit balance by an 

25 appropriate debiting rate and forwarding a control message to switching node when 
the prepaid service credit balance becomes nil. 

23. The method of claim 19 wherein the switching node further performs 
the steps of decrementing the prepaid service credit balance by an appropriate 

30 debiting rate. 
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24. The method of claim 19 wherein the real-time call event messages 
related to the call generated by the switching node are Data Message Handler 
(DMH) formatted messages. 

25. In a wireless telecommunication system having a prepaid service 
architecture responsive to Data Message Handler (DMH) formatted messages for 
servicing a prepaid subscriber having a prepaid service credit balance, including: 

(a) a switching node connected to a plurality of base stations in radio 
frequency communication with said prepaid subscriber, said switching node 
including a timer set for a call in accordance with predetermined timer parameters 
including a time value corresponding to the service credit balance of the prepaid 
subscriber and at a rate of decrement to reduce time value at a rate associated with 
the call, the switching node continually generating real-time call event DMH 
formatted messages related to the call made by the prepaid subscriber and 
forwarding the real-time call event DMH formatted messages to a prepaid 
administrative network; and, 

(b) the prepaid administrative network determining debiting rates 
associated with the real-time call event DMH formatted messages received from the 
detailed call event generation means and forwarding a timer, management order 
message to the switching node that includes revised timer parameter information to 
reset the timer. 

26. The wireless telecommunication system of claim 25 wherein the 
switching node sends a return timing value message to the prepaid administrative 

25 network which message is a timing value corresponding to unused time credit 
balance remaining of the prepaid subscriber, and the return timing value message is 
stored by the prepaid administrative network. 


10 


15 


BNSDOCID: <WO 0005871 A1_l_> 



BNSDOCID: <WO 0005871 A1_l_> 


SUBSTITUTE SHEET (RULE 26) 


• t 


WO 00/05871 PCT/SE99/01296 

2/4 


FIG. 2 


10 


\ 


.46 

{ TCP/IP 


38-J~ 



DMH 
(TCP/IP) 


FROM 
OTHER 
MSC'S 



•64 


DMH 
TCP/IP 


66 


DMH 
TCP/IP 


DMH 
(TCP/IP) 


72 



1A1_L> 


SUBSTITUTE SHEET (RULE 26) 


t • 


WO 00/05871 ~ ^ PCT/SE99/01296 


3/4 


FIG. 3 


10 


\ 


46 
( TCP/IP 


38-_J~ 



DMH 
(TCP/IP) 


FROM 

OTHER — | — r 
MSC'S / I 

DMH 
TCP/IP 



DMH 
TCP/IP 


-72 


DMH 
(TCP/IP) 


jC 


66 


BILLING 


70 


56 


PPAS 

D 


S 

58 



h 


61 

/ 60 



H 

to other 
PPAS 


0005871 A 1 I > 


SUBSTfTlifE SHEET (RULE 26) 


WO 00/05871 


t 


t 


PCT/SE99/01296 


4/ 4 


FIG. 4 


14 



22 56 64 60 

HLR ) (PPAS) fcDCm .( RP 





100 J 
r 108 




^110 


r 


102 



104 


106 


7 


BNSDOCID: <WO 0005871 A 1 J_> 


SUBSTfTUTE SHEET (RULE 26) 


INTERNATIONAL SEARCH REPORT 


t 


International Application No 

• -f/SE 99/01296 


A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H04M17/00 


According to International Patent Classification (IPC) or to both national classification and IPC 


B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 H04M 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category ° Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No 


DE 44 19 651 A (DETECON GMBH) 
7 December 1995 (1995-12-07) 

column 1, line 29 -column 2, line 26 
column 3, line 57 -column 6, line 36 

WO 96 31072 A (ERICSSON TELEFON AB L M) 

3 October 1996 (1996-10-03) 

abstract 

page 1, line 5 - line 19 

page 4, line 16 -page 5, line 18 

EP 0 746 135 A (SIEMENS AG) 

4 December 1996 (1996-12-04) 


claims 1-4 


1,2,7-9, 

14,19, 

20,23-26 


1,2,7-9, 

14,19, 

20,23-26 


3-5, 

10-12, 

20-22 


-/~ 


| X I Further documents are listed in the continuation of box C. 


[X | Patent famify members are listed in annex. 


Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 


T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken atone 

°Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 


Date of the actual completion of the international search 


16 November 1999 


Date of mailing of the international search report 


23/11/1999 


Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL-2280 HVRijswtjk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 


Authorized officer 


Neves Appelt, D 


Form PCT/ISA/210 (second sheet) (July 1992) 


page 1 of 2 


BNSDOCID: <WO 0005871 A 1J_> 


INTERNATIONAL SEARCH REPORT 


tn* ("national Application No 

. ~l7SE 99/01296 


C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category ' Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


WO 97 23102 A (ERICSSON GE MOBILE INC) 
26 June 1997 (1997-06-26) 
the whole document 


1-26 


Form PCT/ISA/2 10 (continuation ol second sheet) (July 1 992) 


page 2 of 2 


BNSDOCID: <WO 0005871 AlJ_> 


NTEF 


INTERNATIONAL SEARCH REPORT 

Information on patent family members 


t 


International Application No 

Fwi/SE 99/01296 


Patent document 


Publication 


Patent family 


Publication 

cited in search report 


date 

J ; 


member(s) 


date 

DE 4419651 

A 

07-12-1995 

NONE 



WO 9631072 

A 

03-10-1996 

US 

5796790 

A 

18-08-1998 




All 

708913 

B 

19-08-1999 




AU 

5165196 

A 

1 fl-1 QQfi 




BR 

9607654 

A 

16-06-1998 




CA 

2214568 

A 

03-10-1996 




CN 

1184581 

A 

10— flfi-IQQfi 




EP 

0815693 

A 

07-01-1998 




JP 

11502684 

T 

02-03-1999 




NZ 

304457 

A 

29-04-1999 

EP 0746135 

A 

04-12-1996 

DE 

19519766 

A 

05-12-1996 




US 

5898915 

A 

27-04-1999 

WO 9723102 

A 

26-06-1997 

US 

5732127 

A 

24-03-1998 




AU 

710978 

B 

30-09-1999 




AU 

1347597 

A 

14-07-1997 




BR 

9612084 

A 

17-02-1999 




CA 

2240102 

A 

26-06-1997 




CN 

1209252 

A 

24-02-1999 




EP 

0868819 

A 

07-10-1998 


Foim PCT/ISA/210 (pa lent family annex) (July 1992} 
BNSDOCID: <WO 0005871A1 J_> 


